Abstract: The tracking problem for induction motor drives is considered in the paper. The main attention is devoted to the problem of unknown load torque compensation not belonging to the control space. The model of induction motor is considered in the fixed reference frame concerned with the stator. A modification of vector control principle is designed on the base of new relay control law, which is used for generation of damping oscillating modes with unlimited growth in oscillation frequency. The theoretically infinite coefficient of relay linearization enabling asymptotic invariance of the output to a wide class of external perturbations. The simulation results show the efficiency of proposed approach.
INTRODUCTION
Most of the used electric motors are induction with squirrel cage rotor Krause (1986) . Their widespread use is primarily conditioned by ease of maintenance and operation, simplicity of design, low cost and high reliability. List of their applications can be very long: electric drives of smoke exhausters, cranes, ball mills, pumps, conveyors, winches and so on. On the other hand induction motor is the most complicated electric drive from the point of view of control theory Leonhard (1990) due to the following subjects: its dynamics is strongly nonlinear; parameters of the motor (rotor and stator resistance) and load torque can vary significantly.
There are wide range of control strategies for electric motor drives and in many papers designers draw attention to unknown load torque attenuation and parameter uncertainties compensation. In Marino et al. (2008) ; Harnefors et al. (2010) an adaptive technique is used to compensate unknown constant parameters and load torque variation. Such technique can be combined with decomposition approaches proposed in Traore et al. (2012) ; Shieh and Shyu (1999) on the basis of backstepping procedure or passivity control Gokdere and Simaan (1997) . Another group of the papers are concerned with sliding mode control of induction motor. In Shieh and Shyu (1999) ; Yan et al. (2000) a closed-loop speed and flux estimator based on the sliding-mode control methodology is proposed. Applying the estimator, the corresponding sliding-mode torque controller is designed and it is shown that speed control can be achieved by using the torque controller.
Instead of using the methods discussed in the above papers, the aim of this paper is to solve the problem of unknown arbitrary load torque compensation on the basis of static feedback. The basic algorithm is based on the new results in relay control theory Kochetkov and Utkin (2013) . Theory of relay system is well known for control engineers Tsypkin (1984) . In particular, the most part of modern electric drives are supplied by power electronic converters that have switching nature, and using to stable on/off state. This fact is concerned with simplicity of practical realization of bang-bang control Dodds et al. (1998) . Also, the relay system are often used as basis for sliding mode control algorithm Utkin et al. (2009) . It is well known, that motion on sliding surface does not depend on matched disturbances Drazenovic (1969) . The motivation for producing the system presented here originated with the problem of independently controlling speed and rotor flux of induction motor drive under influence of unmatched disturbances. This task is studied widely in different problem statement Utkin (2001) . The main attention of designers is devoted to the mentioned problem under influence of external and parametric perturbations, which physically are the unknown load deviation, motor parameters changing with time and etc. The paper is organized as follows. In section 2 the model of induction motor is introduced, the class of external load torque and reference signals for rotor speed and magnetic flux are discussed and finally problem statement is stated. The proposed relay controller is synthesized in section 3. The simulation results of section 4 show the efficiency of proposed algorithm. Finally, some concluding remarks end the paper.
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where the variables and constant parameters are defined in table 1.
It is assumed that load torque of unknown mechanical load Γ L is arbitrary bounded function with two bounded derivatives
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